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The Origin of Cyclones and Anti-Cyclones" by Zb D Zubyan 7 published in the 
.in 1949, represents an attempt to acquaint Soviet field meteorologists with 
Luteo ■ * velopments in the year 1949 concerning the origin and development 
cyclone: and anti-cyclones. Therefore It is concerned with the problem of a 
pheric p essure changes, the movement and development of weather systems and 
quently v^th the weather itself . The basic theory which is reviewed In this 
is called the advective -dynamic theory. It is based on a method developed „ 

1 A Ki ~ De 1 y : - • 0 ^hich lias undergone further development at the hands of se 
other Russian:' mentioned in the article. The most recent impetus given to IC 
method seems to have occurred about 194/ 1 Kibel’s method is one for comput±i|i 
quantitatively the atmospheric pressure changes. This is done in the method 
means of two different approximations. He calls them the first and second d 
mations. I he word eevoctive in the term “advective dynamic" refers to this jj 
a PP r oxi ma t i on , and the word dynamic refers to the second approximation. The 
pressure change equals the sum of the two. The approximations are difficult, 
explain in words. Perhaps the best thing to say is that the advective part 1 
or the first approximation, is based on the first lav; of thermodynamics . prirr] 
a thermal relationship; while the second, or dynamic approximation, is based 
equations of rot ion . In both cases there are very limiting assumptions intro] 
into th e s e e q ua t i on s . 
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How it is obvious that the soundness of this advec tive -dynamic theory will d 
entirely on the soundness of label 1 :; method, and I think' I could say immediat) 
that in my estimation its theoretical basis :i.s very snaky. Kibel doer show a] 
ledge of the basic meteorological equations and considerable ability to rnanip 
them. However, in making the assumptions and approximations that must inevit 
be made in order to render meteorological equations tractable, he arrives at 
expressions that correspond only slightly with physical reality as we know it 
the US through our synoptic studies of the past, decade. This cannot be attrf 
to .inadequate observed data. As far as I can p* .her from reading the article 
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— • — r:r;rx^ t s: 2 n^ ei i & r 

.::.velv'Kibel^"‘ririt ! ^°™-ov \ ^ hl f ability. I might just say here that qualita- 
rr 0 top-otl 1 *»r ” fc ‘ * ^ - &d “ ; 3 Vijal W!i ~ vn a ir advection and -falling pressure 

stad-r^e =' 

or -Derhan- tha t m- -s r- ' .7' t 1 11 L * ; ' c uXe more than an accident, 

results of proper ma^itude*^ 6 ® ® ” V 1? 9pprOX1U,8t;l0n ximt " ields quantitative 

°Y WS S narn6,J ^Z£££2I appears in the Hovember 
oni v a "L v n w iaarlcan Meteorological Society, Hovever, it is 

Tier^ ar» * larr - — ri~ I 101 ' 1 '' ar ‘ y the theoretical development completely, 

i-icr.. au large in trie matneiiigiici which are next to impossible to fill in 

ticlI1 V h ? *<* « «, it .lo.a/b. 

2 “ 2! 22" 1 ” » OKI «. l»v. to fc„ « little bit cautious 


in rmr ~-r I t w- - c--,n mv A . .. 4 ^ ^ uu caui;ic. 

Haurwita an^ 77- s ollow i i,p ».-r • :,... n. r.he same issue is by Professor Bernhard 

a •>■».■+ "“L leading America:: i.:c v; oroi.ogiats, who writes on the results of 

® th! iof^ S f' tb ° d carriou *'■ *»- Massachusetts Institute of Technology 

in th„ year 1944 . This was no attempt to debunr. the method. The test was entered 

the%ov?^ l0 »; ,iCally ; ma Unowri ^ i01 "' ^ «•*«» at the time excepfthaj 

Soviets made grunt, claims tor 11 He hoped at that time actually to gather 

hsvo’w® ° f ^ r 5? n it * ' Jud 6 ln C from Kibel s theoretical development I would 
T hi e " n a *J a2e f t0 5 ind ar h/ thing of value coming from the applications, but perhaps 

t L .V1T e L ta ’ e ° fh3ViriC Uv, - h “.ore or less simultaneously 

later date. At any rate the ba.*i: conclusion of Xtr Haurwits was this: "The 
aUempts made at MIT to apply Kibel's rastiiod to the construction of prognostic pres- 
cnarts were thus not successful., contrary to the experience of the Russian 
hi rt°t t°nt e 'hw + ' 6 ’• YSt Zu T n in 19119 15 31,111 c-lairoing success,, and although he does 
it E‘aun< hly ftre ^ SODle disbelle1 ’ an >° :] S the Russians themselves., he still defends 

Now let’s get down to this question of whether the shortcomings of this method 
4 ? n fif J? Uke real re flection on Klbel. I think the important thing to remember 

is that it was written in 1940: and it was actually better than much of our own 
work of that period. We were making similar attacks on the same problem and usually 
not quantitatively . Kibel's method represented quite an advancement in the sense 
.at he was daring enough actually to try to compute these things. He was of course 
not using a computer. He was computing instantaneous appearances in the atmosphere, 
and this method allowed to a certain extent for the extrapolation of this basic 
Li end xnto the future. It was not similar to our own current attempts at numerical 
prediction in the US, but basically X see no reason why he couldn't have used the 
CTf ' >i:i iterntive Processes that we use. In other words, his methods allowed him to 
-y i ~ —-^nges in pressure and temperature . That gave him a new field of pressure 
a.-iu Lemperar.j-e and on the basis of the formula which he developed he could keep on 
. . .pea ting tl 1 j process. He could have done this in a fashion similar to what we 
uut lie ii.'Ui: ?- He more or less Just got the Instantaneous trend of* events 
^ rapolated them into the future. That whole phase of the work can be checked 

xn ikiiirvitz ’s article, because Ilaurwi+.v in describing his own testing of the method 
used similar methods to those suggested by ICibel. 

1 get the impression frou hubyan's article that the Soviets must have had frustrating 
experiences wit.. Kibel's method quantitatively and that they are at the point where 
they use it only qualitatively „ What they have done is to develop a whole series 
of qualitative rules based on this formula, We dropped the line of research 
indicated in Kibel's method along towards the mid - 194-0 ’ s . I should qualify this by 
saying that there is still research in this country of lower caliber even now which 
is along basically similar lines; but 1 should emphasis again that the higher 
calioer research in this country has been along entirely different lines beginning 
in the middle and late 194C's. This ad veetive— dynamic theory which is built around 
Kibel’s equations is supposed to have been originated in 194-7. It is hard to believe 
that the Soviets were still accepting Kibel’s method as fact in 194-9, but Judging 
from Zubyan f s article they seem to have been. At ? c they told the man out in 
xne field, the man of meager training, that it was one big development in Soviet 
meteorology in the 194-0* s. If we were to r *°sume that- this article represented their 
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workers in the 
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field. Meanwhile the first-rate meteorologists, the really topnoteh 
universities , are probably already on an entirely different line of 


warf j o K e i .. . , . ,. \ me necrologists couldn't be as hack- 

as those of Britiqh^Pt, ° e8 » ' 1 - llcy obviously can follow our developments a 3 well 
theJ are ^ and ^ l3h: meteorology. It is inconceivable that 

n °? 0± fc ‘ le Present partially successful attempts at numerical nredic- 

ticn now going [on in the West. In other words, we, about 19S7, after the ini?Iaf work 

vortirit ^ C £ ^ ney ’ bave 156311 developing these numerical techniques based on the 
even Mnt-a qU + t Nowhere in Zubyan 's paper 13 the word "vorticity" mentioned or 
® h f tcd a t. In fact, many of our important concepts in the last five or ten veers 
re noo even hinted at. We adopted an e&tirely different approach in 1947 which 
y seven years later has already led lb the present establishment of the Joint 

going'on iftheM 1 ^ f nter ln Wa " hln «4 very rapid development has Jeen 

r “ 11,1,use • t *> fo ™ ra ** 

on in the USSR ; 1 - 1 
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hut we feel strongly tha 


uggestion that such a thing is going 
they have to he aware of this new trend. 


Sld ?/ th:lS arUels slloW 3 l a knowledge Of the basic equations we use 

refers to the iL™ a ? le " ,a i 1CSJ ' f ill l ‘ v; ni ? d li; 31 SQ ^owe, although Zubyan usually 
refers to the Ueso in a derogatory manner, that in 1949 they were keeping sorrewhat 

theorv of f cvclo^ei develo *® em: ® ln Wee ' t;ej i n meteorology,. For instance, the wave 
„ ^ cyclones Is mentioned, and some reference 's »-*ae to the work of Ertel, 


a topnoteh German meteorologist, 
is going on in the outer world 
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in ioko h ^ 1 Vi , ° f Zubyan ’° artlcle > assuming that it is the beet they could do 

' l f qal 3 ® f h f ky ' 1 doubt ' t;hQt V is theoretically sound. I was prejudiced 

fT tarfc by Zubyan ’s method of computing the advective pressure change, that 

is the first approximation pressure change, from the first law of thermodynamics. 
Since it is impossible to evaluate all the terms in that law, Zubyan has to neglect 
certain of theeej terms. He retains only jthe local temperature change, the horizon- 
+ | e “I | « :ra ' bure advectlon, and the local pressure change. Basically he is computing 
the local pressure change from the difference between the horizontal temperature 
advectlon and the local temperature change. In our own use of the first law of 
thermodynamics, we know very definitely from measurements that the term involving 
^ e +. P f eSSUre chan & e is ot Qn order of magnitude smaller than the other terms and 
that m any problem to which we apply this equation it is customary to neglect this 
pressure tendency term; in other words, it is considered equal to zero. And yet 

Zubvan uses *hV> A +•. "WAY'-l/ /-» /*,vn -4- A A--U _ 1 .... , 


Zubyan uses that I very term to compute the 
by computing the local temperature change 
surface temperature field by the winds at 


pressure change. He gets away with this 
from essentially the advectlon of the 
the tropopause. It is impossible to say 


^ — — ~ wjjojjuutu. . -l. o jlo ujLt: l»o say 

now he arrives at this result because so many 1 steps are missing at that point. He 
says simply that Kibel arrives at the final equation through a series of ingenious 
assumptions. I think they must be extremely ingenious. But the effect of all the 
manipulation is simply this - that he reduces the local temperature change in such 
a way that the difference between the advejetive temperature change and the local 
temperature change is enlarged and therefore raises the order of magnitude of the 
pressure change tjy one and makes it of thei same order of magnitude as those observed 
in the atmosphere. And in this manipulation it turns out that warm advectlon will 
he associated with pressure fall and vice versa, which we know empirically to be 
more or less true in the atmosphere. It is somewhat by accident that the thing works 
ab all. ^ I might just add that in Sverre Fetter seen *s well known textbook, in the 
very beginning, he writes down the firo^ law of thermodynamics in order to show how 
the local temperature change may be computed and then just throws out this term 
which is all-impoirtant to the Soviets. This leads me to believe that the theoretical 
development in this article is not sound, jin fact I coulc go a step further. In 
the second approximation, they compute the j gedetrophic deviations from the accelera- 
tion of gecstrophic wind in a fashion whit. ip we have tried here and found to he 
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'wanting: in Tact ve got ridiculous results. Again, it is hard to believe that this 
second approximation can give anything worth while in view of this assumption. 

8 . The question of how good is the adveetive-dynamic theory has already been answered 

by Professor Haurvitz in the American Meteorological Society Bulletin. He showed 

that in the testing done at MIT the theory proved faulty in practice. 

9. flow far can the Russians go with this method before starting on a fresh line of 

attack? The only possible further step for ICibel to mare would be to build up 
successively higher approximations; and it is evident that he did this between 
19^0 and 1946. However, these higher approximations involve higher derivatives 
which cannot be measured from meteorological data. In other words, they are only 
a theoretical approximation. They cannot be computed. Then in view of all this I 
believe that with the second approximation the theory for all practical purposes has 
reached the limit of its development, and that therefore qualitative results derived 
from this equation have also advanced as far as they are likly to be advanced; which 
means that if the Soviets are going to progress further they will have to embark on 
an entirely new line of attack. Our present line of attack in the US is numerical 
forecasting based on various formsof the vorticity equation, We too are handicapped 
by the same difficulties the meteorologists in any country would be - namely, that 
you cannot take the meteorological equations in their raw form and make computations 
from them. They have to be manipulated in certain ways and fitted into certain 
approximations . We believe that the success of our methods obtained up to now proves 
that we have a fairly realistic model of the atmosphere in these equations. 

10. The primary impetus to numerical prediction has been the high-speed computer. I 
have no knowledge of computer development in the USSR. We in our department, how- 
ever, feel strongly that there is no reason to assume that our skill as forecasters 
in this country, Great Britain, or any other country in western Europe, is superior 
to that of the Russians; and that even with numerical methods, there is no reason 
to think that in the very near future our forecasting skill will oe any better. 

Right now forecasting is still somewhat of an art. We have various guiding physical 
principles which definitely help us in our predictions; but basically forecasting 

is a matter of extrapolation of current weather conditions and trends, which largely 
depends upon a man's experience and know-how. I don't believe that the Russians use 
Kibel's method quantitatively now. They couldn't. There wouldn't be any value in 
it. They must know by now it is worthless and probably knew it even in 1949 when 
Zubyan's article was written. Again, however, a qualification is necessary. In 
order to use Kibel’s method qualitatively, the Russians prepare certain basic charts, 
which we also consider important. They evidently use the surface weather map as 
their primary map, just as we do, and their second most important chart is a 700 
millibar cnart on which they superimpose the thickness lines from 1000 millibars to 
500 millibars. In using Kibel's method qualitatively they observe certain rela- 
tionships betweer ‘.he pressure and temperature configuratiozas which could be of 
value ir. forecasting even though there is no theory back of the use of them which 
r •• really sound. It is possible that a mixed theoretical and empirical approach 
could for all practical purposes give them about the same forecast as we get. We 
really do the same thing hero We throw in everything except the kitchen sink and 

sometimes it seems that we have to forecast pretty much from intuition or cumulative- 
experience and then try to justify our forecast by various things appearing on the 
maps. Me ‘/be th t's wbak the Russians do. They probably are able to make reasonably 
good forecast’ and t'.vju they try to use some of Kibel's theories to say that their 
forecasts make sense. 

11. I feel quite stro v’ly that this article of Zubyan's is a secondary, popularized 
piece of work for Hie consumption of laymen. The shift in attention to vorticity 
first started with Rossby toward the mid-1940's and then with Charney's work in the 
late 1940 's. It is possible that in 19^9 the Soviets were just becoming acquainted 
with Charney's work: but it certainly could not have taken them very lor/g, once 
becoming aware of it, to understand it and actually to go ahead and try to develop 
it themselves. The advanced Soviet theorists would have been working on vorticity 
in 1Q49. This Zubyan might simply be one of the top men in the Russian Weather 
Service. In other words, he would be a person of university training, well-grounded 
in the fundamental precepts of meteorology, able to express himself well and able 
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|and topnotch research men 
sort of a go-between. If he were a 
erlgaging in original research and 


to understand the works of the investigators 
sities. In other words he probably would be 
first-rate research man he probably would be 

writing for Russian meteorological journals rbther than //riting articles of this 
sort. The statement of the publishers: '’To pbpularize the recent developments of 
Soviet scientists" - is the key to the whole j thing. We do the 1 same thing Jin the 
US. Some of the material written for our own weather service jis also relatively 
weak in meteorological background in many cases l It would be very difficult, for 
instance, to write a brochure on numerical predictions which would be very meaning- 
ful. We would simply talk in a very popular fanner on what we' hope to do with it 
but would never actually go into the theory of numerical predictions for the man in 


the field. I think it would be very, very dangerous for us to 
status of Soviet meteorology in 19^9 from this article. 
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